Abstract-A collocated observer design approach is addressed, which is based on the continuum backstepping algorithm for partial differential equations (PDEs) with boundary feedback. This observer for a class of hyperbolic PDEs is constructed through an integral form with undetermined kernel functions, combining with the "inverse" Volterra transformation and using the position and velocity of the collocated end as feedback through the boundary input with the Neumann type. The error system is transformed into the exponentially stable transformed system in the mapping space. The exponential stability of the source system is achieved with norm restrictions between the original and the transformed systems.
I. INTRODUCTION
The continuum backstepping approach for PDEs was presented by Miroslav Krstic, Andrey Smyshlyaev in 2004 for the first time, rebooming the aspect of boundary control for distributed parameter systems, especially for 1-D parabolic partial differential equations (PDEs) [1] . This approach has been developed widely and has been applied on the plants of counter-convection equations [2] , wave equations [3] and time-delay equations [4] , because the approach has excellent features, such as the exponential stability and the explicit solutions of the closed-loop systems without model reduction.
So far, most of existing results have been focused on the mathematical models as parabolic PDEs, wave PDEs and first-order hyperbolic PDEs. As common secondorder hyperbolic PDEs can be considered as the generalization of wave equations, the corresponding research should have more common sense. However, the only study for common hyperbolic PDEs was reported in [5] based on state feedback. The further research is supposed to be needed.
Moreover, the continuum backstepping approach always relies on state feedback unless the exponentially stable observer is available. Andrey Smyshlyaev solved this problem by designing an infinite dimensional continuum backstepping observer for a class of 1-D parabolic PDEs based on boundary feedback [6] , resulting in both of the observer and the closed-loop system exponentially stable. Then Miroslav Krstic, BaoZhu Guo, Andras Balogh, and Andrey Smyshlyaev stabilized an unstable wave equation based on output feedback [7] , applying the approach on the special hyperbolic PDEs for the first time. Rafael Vazquez and Miroslav Krstic extended the observer for a 2-D fluid convection plant [8] . Even a nonlinear viscous burgers equation was discussed for the boundary control based on output feedback [9] . And the shock-like equilibrium was reached finally.
In this paper, based on the approach of continuum backstepping, an infinite dimensional observer is proposed for a class of common second-order hyperbolic PDEs. Using an iterative method for the inverse mapping， this observer is constructed with boundary feedback from the controlled end. Additionally this paper could be considered as extension of the result in [5] .
We start in Section II with the plant of a class of hyperbolic PDEs and the transformed system. Then in Section III, we present the stability study of the transformed system. In Section IV, kernel functions are analyzed. Finally we prove the exponential stability of the original observer in Section V.
II. PROBLEMS STATEMENTS
In this paper, we consider the following class of common second-order hyperbolic PDEs with boundary conditions as the plant:
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The convergence problem of the observer is converted into the problem of the stability of the error system (7) -
. We take the transformation in the Volterra-like form:
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, , , k x y l x y are undermined kernel functions, to transform (7) - (9) into the following PDEs:
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III. STABILITY OF TRANSFORMED SYSTEM
In this paper, we use the following domains and norms: 
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Since Lemma 1 can be obtained through Young Inequality [10] directly, the proof is just omitted. 
, and combining with (12), (13), we obtain ( ) 
IV. KERNEL FUNCTION ANALYSIS
In this section, we discuss the kernel functions and the undermined functions in (7), (9) and (10) .
Differentiate the transformation (10) to , x t , and compare (7) - (9) with (11) 
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Consequently,
, , , h x k x y l x y , so that the key problem of the observer is converted into the problem of solutions of the kernel functions.
With the observation of (19), (20), we get
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V. STABILITY OF ERROR SYSTEM
In this section, the bidirectional restrictions between the transformed system and the error system are obtained. Consequently, the stability of the error system is proved.
A. Restriction of Inverse Mapping
Note that (12), with Agmon Inequality and Young Inequality [10] Consider the partial derivatives of (10), we rewrite the inverse mapping in the vector form: 
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B. Restriction of Forward Mapping
We take the iterative method for (32) -(34). Denote The exponential stability of the whole error system gets proved finally. So this result about the observer is stated in the following Theorem 2.
Theorem 2: Let

